Introduction
Chronic hypothermia of neurological origin is a rare condition that has been described in association with a number of different diseases, some of which can also cause the syndrome of inappropriate antidiuretic hormone (ADH) secretion. '6 We report a case of chronic hypothermia and concurrent hyponatraemia in a patient with a neurodegenerative condition. He had required several previous admissions because of a confusional state due to acute exacerbations of hypothermia and hyponatraemia, and on followup remained hypothermic and hyponatraemic with inappropriately high ADH levels.
Case history
A 71 year old man was admitted as an emergency in March 1992 with a 3 day history of increasing confusion and somnolence. He was disabled and lived with his able-bodied brother in a well-heated adapted flat.
He had congenital deformity of both feet with short Achilles tendons. There was a history of progressive neurological impairment, starting with pyramidal weakness in the legs first noted at the age of 44 years. Asymptomatic optic atrophy was also present at that time. Spastic tetraparesis, cerebellar ataxia and a sensorimotor peripheral neuropathy were apparent by the age of 55 years, when nerve conduction studies and biopsy showed chronic peripheral demyelination. A full myelogram was normal, as was cerebrospinal fluid analysis, although electrophoresis was not done. Vitamin B12 was normal and syphilis serology was negative.
There was a family history of congenital foot deformity. No firm diagnosis was made but at that time the condition was felt most likely to be a hereditary spinocerebellar degeneration.
Examination on this admission showed him to be somnolent and cold, with a rectal temperature of Computerized tomography of the head showed cerebellar and cerebral atrophy ( Figure 1 ). Magnetic resonance imaging was precluded by his contraction deformities.
Fluid restriction to 750 ml/day and passive rewarming led to a marked clinical improvement and complete resolution of his oedema within 4 days, by which time the oral temperature was 36°C and the serum sodium 126 mmol/l. He remained hyponatraemic and the urine remained inappropriately concentrated throughout the admission. His oral temperature fell below 36°C on several occasions (Table I) .
This patient had required five other admissions to this hospital over the previous 4 years because of acute confusion. There was no seasonal pattern to the admissions and on each occasion he had been found to be hyponatraemic (sodium 1 19-124 mmol/l) and hypothermic with rectal temperatures as low as 32°C. Plasma and urinary osmolalities had been determined on one previous admission in February 1991 (Table I) . (Table  I) . In both cases the ADH levels are inappropriately high for the serum osmolality.7'8 On both admissions his oral temperature was as low as 35°C with no complaints of feeling cold. He declined further investigation of his neurological condition or osmoregulation and temperature control.
Discussion
Our patient has had six admissions to this hospital because of confusion caused by simultaneous hypothermia and hyponatraemia. We have shown that the cause for our patient's hyponatraemia on the last of these admissions was inappropriate ADH secretion which persisted together with mild hypothermia over several months offollow up. The features of inappropriate ADH secretion in this patient were hyponatraemia with simultaneously high urinary osmolalities and urinary sodium concentrations. Two paired samples showed inappropriately high ADH levels for the respective osmolality. Renal, adrenal and thyroid function were normal and, although there was transient pitting oedema, the normal renin and suppressed aldosterone levels argue against cardiac failure, an important distinction as cardiac failure is a potent non-osmotic stimulus for ADH release. Hypothermia can cause oedema due to capillary leakage9 and the oedema did resolve on rewarming.
In this case our patient's neurodegenerative condition is the most likely cause of his chronic inappropriate ADH secretion. The syndrome of inappropriate ADH has been reported in association with various neurological conditions.7 We have, however, found no explanation for the episodic decompensation from a generally welltolerated steady-state of mild hyponatraemia and hypothermia.
Three different patterns of inappropriate ADH secretion have been described together with an identical clinical picture with normal hormone levels thought to arise from renal hypersensitivity to ADH.7 Our patient has declined formal assessment ofthe relationship between his osmolality and ADH release but the limited data available are most compatible with a type A pattern, in which the release of ADH is essentially random and bears no relationship to the osmolality. Type B syndrome of inappropriate ADH (SIADH) is unlikely because in this form the normal ADH-osmolality curve is shifted to the left and so a cut-off point for ADH release still exists, albeit at a lower osmolality than normal. Our patient, however, still produced a concentrated urine with a high sodium concentration despite a serum osmolality of 246 mmol/kg H20. Type C SIADH results from a 'leakage' of ADH at low serum osmolalities with an otherwise normal ADH-osmolality curve and is excluded here by the inappropriately high ADH level of 5.15 pmol/l with a low-normal osmolality of 282 mmol/kg H20.
Hypothermia with core temperatures as low as 32°C was present on each of the acute admissions for confusion. Impaired consciousness can in itself cause hypothermia due to reduced ability to generate and conserve heat, but in this case hypothermia persisted after initial rewarming and as such indicates a central defect in thermoregulation.
Chronic hypothermia has been reported in patients with generalized neurological disease such as multiple sclerosis,' Wernicke's encephalopathy,2 sarcoidosis,3 and following trauma and subarachnoid haemorrhage.4'5 Agenesis of the corpus callosum, with or without other developmental defects, can give rise to an episodic hypothermia (Shapiro's syndrome) notable for profuse sweating and vasodilatation at the start of each episode. More localized disease, such as gliosis,6 has been associated with chronic hypothermia; the lesion being in the region of the hypothalamus in all reported cases. Animal studies also point to the hypothalamus as the site of central thermoregulatory areas.'0 Hypothermia with hyponatraemia thought to be due to the syndrome of inappropriate ADH has been reported previously in two patients. 2 However, the published information is not sufficient to make a firm diagnosis in either case. The case report by Sullivan et al.' concerns hypothermia in two patients with multiple sclerosis, one of whom was also hyponatraemic with a serum sodium of 107 mmol/l. This latter patient is stated as having features compatible with SIADH but, as this was not the main concern of the report, neither the relevant urinary values nor the hydration status are provided. Haak et al. describe a patient with Wernicke's syndrome2 who became hypothermic and hyponatraemic during the course of a severe illness that included an aspiration pneumonia. This patient had been given frusemide prior to the onset of hyponatraemia, making interpretation of urinary and serum sodiums, and the diagnosis of SIADH unreliable. Finally Nussey et al. 5 have described a patient with a combination of chronic hypothermia and an osmoreceptor defect with disordered ADH release following a subarachnoid haemorrhage. This patient's main clinical problem was hypernatraemia, which was shown to be due to a combination of inadequate fluid intake and diabetes insipidus. His ADH levels were low des-pite consistently high serum osmolality, but he maintained an intact ADH response to nausea and hypoglycaemia, implicating impaired osmoreceptor function as the cause of his diabetes insipidus.
Both hypothermia and the SIADH are rare manifestations of neurological disease. The centres controlling thermoregulation and serum osmolality are both located within the hypothalamus.8"'0
The organosum vasculosum of the lamina terminalis is thought to be the site of osmoreceptors, and the cells synthesizing ADH are located in the supraoptic and paraventricular nuclei. The pathways controlling thermoregulation are less well understood, but neurons that are responsive to temperature variation have been identified in the anterior hypothalamus and preoptic area. Although we have no direct evidence, it is likely that hypothalamic dysfunction in these areas is the cause of our patient's chronic hypothermia and SIADH.
